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A systematic approach
towards developing a
philosophy of engineering
- engineers dancing with philosopher-

William Grimson and Mike Murphy
Dublin Institute of Technology

Workshop on Philosophy & Engineering (WPE-2008),
Royal Academy of Engineering, London
10-12 November 2008

Or as a subtitle ...

“Necessity, the mother of invention”
or
“When the blind lead the blind, no
wonder they both fall into ….”

But first an example of why it may not all
be heuristics!
• An engineer is asked to design a ladder
network of equal resistors that will have a
specified input resistance of 10 ohms.
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Problem simplifies to …
... finding the input resistance R to the
infinite ladder network consisting of 1ohm
resistors
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Simple approximation approach
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Engineer decides to model the network
as shown at left, making the assumption
that the remainder of the original network
plays an insignificant role
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Solution is R=1.667 ohms

Context sensitive approach
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(i) Open-circuit
(ii) Short-circuit

Here the engineer decides to truncate the ladder network as shown above and
considers two limiting cases (i) where the remainder of the network represents
an open-circuit and (ii) where the remainder of the network represents a shortcircuit. The engineer then carries out an analysis of the impact of using the
upper-bound and lower-bound solutions
R (open-circuit) = 2 ohms upper-bound result
R (short-circuit) = 1.5 ohms lower-bound result

Heuristic approach
Z= √(ZocZsc)
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(i) Open-circuit
(ii) Short-circuit

Here the engineer decides to truncate the ladder network as shown above and
considers two limiting cases (i) where the remainder of the network represents
an open-circuit and (ii) where the remainder of the network represents a shortcircuit. The engineer then concludes that the solution must lie between the two
values of R and decides to use the geometric mean …
R (open-circuit) = 1.667 ohms and R (short-circuit) = 1.6 ohms
Solution = √(1.667*1.6) = 1.633 ohms

Exact solution … application of
Logic
b
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Engineer on basis of pure logic concludes that resistance of
network to right of b-b’ must be the same as that at a-a’ and this
leads to an exact solution .
R = 1.618 ohms

The last approach exposes the
underlying structure within the problem
R=1+1
1+1
1+1
1+

Recognise that this number is the Golden
Mean, also obtainable as the limiting ratio of
the Fibonacci numbers F(n+1)/F(n)

And so we have ….
Solution

Simple
approx
Upper/lower
bound approx

1.667 ohms

1.5 < R < 2 ohms

Heuristic

1.633 ohms

Logic

1.618 ohms

This simple example illustrates that
there can be multiple approaches
and solutions to the same design
problem. The heuristic one does not
guarantee success. An upper/lower
bound approach is very useful
especially when coupled with an
analysis of the consequences of
using either solution. And of course
an exact solution can be possible …
here based on Knowledge and Logic
… and will sometimes facilitate a
useful generalisation.

Wish to avoid making things too
complicated …
This principle is so perfectly general that
no particular application of it is possible.
- George Polya

What questions are we asking?
• Is there an issue with or within engineering that
requires an answer involving philosophy?
• If so, do practioners and educators recognize the
same challenge?
• What aspects of philosophy are relevant to
engineering?
• Is there a philosophy of engineering?
• If so, how is such a philosophy derived or produced?
• Is it possible to show how philosophical
considerations impact on engineering, say in design?

At the very least engineers need to have a
better understanding of who they are !
And how do others ‘see’
engineers ?
An issue that is relevant
if engineers wish to
enter into dialogue with
others (Wittgenstein’s
language of discourse)
and one raised by
Samuel Florman in his
book The Existential
Engineer.

Esse est percipi

… other initial thoughts
David Goldberg has written about the
‘broken curriculum’ and has identified the
need for the inclusion of qualitative thinking
which he states has its roots in philosophy
Goldberg, D. Bury the Cold War Curriculum. Prism (ASEE) vol 17, no
8, April 2008

... there is also a late development of post
post-modernism amongst some
engineers ... in the recognition that there
are other world views.

Braslavsky lists six educational demands
associated with the converging trends for
change
•
•
•
•
•
•

educating active, rigorous and flexible individuals,
rather than skilled workers for pre-established jobs,
counterbalancing the increasing inequalities and their
consequences in terms of poverty and marginalization,
treating diversity as a valuable resource different from
inequality,
educating to recreate politics,
preparing to face an increasingly broad spectrum of
personal decisions, and
preparing for both the introduction and prevention of the
paradoxical effects of technical progress.

Where is reflection most needed?
Engineering being to some extent reductionist in
nature at what stage is reflection most appropriate?
User
reqs?

Technology to
be deployed?

… and why is the problem so challenging
The ideal engineer is a composite ... He
is not a scientist, he is not a
mathematician, he is not a sociologist or
a writer; but he may use the knowledge
and techniques of any or all of these
disciplines in solving engineering
problems.
N. W. Dougherty

Engineer: the composite man/woman

• Regional & State
legislation

• Mathematics

• Global
concerns

• Physics
• Chemistry

• Cost

• Biological
specialisation
systems

• Environment &
pollution
• Energy

• Technologies

•Quality

• Citizen/society
• Ethical considerations

The Engineer of 2020 states:
What attributes will the engineer of 2020 have?
He or she will aspire to have the ingenuity of Lillian
Gilbreth, the problem-solving capabilities of
Gordon Moore, the scientific insight of Albert
Einstein, the creativity of Pablo Picasso, the
determination of the Wright brothers, the
leadership abilities of Bill Gates, the conscience of
Eleanor Roosevelt, the vision of Martin Luther King
and the curiosity and wonder of our grandchildren.

… and have we
convinced our colleagues
of the relevance of
philosophy to
engineering ?

Survey of relevancy
Aspect

Engineering
roles and
identity

Engineering
culture and
norms

The
design
process
as a
technical
and social
process

Knowledge
generation
and forms of
knowledge
in
engineering
work

Ethical
problems in
engineering

Requirements of
interdisciplinary
and inter-cultural
collaboration
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Very
relevant
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Scale

The
importance
of
technology
and its
impact on
society

William Grimson, Mike Murphy, Steen Hyldgaard Christensen and Erik Ernø-Kjølhede. FIE2008

Response of Educators?

ABET

: programme accreditation criteria

EUR-ACE

: programme accreditation criteria

EUR-ACE accreditation criteria for
engineering programmes
The six Programme Outcomes of accredited
engineering degree programmes are:
◦ Knowledge and Understanding;
◦ Engineering Analysis;
◦ Engineering Design;
◦ Investigations;
◦ Engineering Practice;
◦ Transferable Skills.

EUR-ACE contd.
•

•

•

Under the Knowledge and Understanding outcome the
Framework states that ‘Graduates should demonstrate
their knowledge and understanding of their engineering
specialisation, and also of the wider context of
engineering.’
In the Engineering Analysis outcome the Framework
gives that graduates ‘should be able to recognise the
importance of societal, health and safety,
environmental and commercial constraints’
For Engineering Design the Framework that the
graduates should be capable of realizing that
‘specifications could be wider than technical, including
an awareness of societal, health and safety,
environmental and commercial considerations’.

EUR-ACE
•

•

•

With respect to the Investigations outcome it is
noted that the graduate should be capable of
undertaking work that ‘may require that data
bases, codes of practice and safety regulations are
consulted’.
In Engineering Practice the outcome should be
that graduates ‘should also recognise the wider,
non-technical implications of engineering practice
including ethical, environmental, commercial and
industrial concerns’.
For Transferable Skills the outcome states that the
‘skills necessary for the practice of engineering,
and which are applicable more widely, should be
developed within the programme.’

ABET EC2000 Criteria
a) An ability to apply knowledge of mathematics, science, and
engineering
b) An ability to design and conduct experiments, as well as to analyze
and interpret data
c) An ability to design a system, component, or process to meet desired
needs
d) An ability to function on multi-disciplinary teams
e) An ability to identify, formulate, and solve engineering problems
f) An understanding of professional and ethical responsibility
g) An ability to communicate effectively
h) The broad education necessary to understand the impact of
engineering solutions in a global and societal context
i) A recognition of the need for, and an ability to engage in life-long
learning
j) A knowledge of contemporary issues
k) An ability to use the techniques, skills, and modern engineering tools
necessary for engineering practice

Knowledge

Skills

Attitudes

Technical

a. Apply knowledge of math,
science, engineering

Applied science

Comprehend
technical literature

Value rigorous technical
knowledge

k. Use techniques, skills & tools
of engineering

Engineering tools

Efficient, effective
use of tools

Need to assess
limitations of tools

Design

b. Design & conduct experiments,
interpret data

Experimental method

Laboratory
techniques

Empirical stance

c. Design a system, component or
process

Design methodology

Design process,
creativity

Open to risk and
uncertainty

e. Identify, formulate & solve
engineering problems

Engineering approach

Effective solution
algorithms

Desire to solve technical
problems

d. Function effectively on
multidisciplinary teams

Team dynamics

Interpersonal
communication

Valuing others opinions

g. Communicate effectively

Forms of communication

Writing, public
speaking

Clarity & understanding

f. Understand professional,
ethical responsibility

Principles of ethics

Analyze situations
responsibly

Personal responsibility

h. Broad education to understand
social context

History & social science

Use of multiple
perspectives

Social responsibility

i. Ability & desire to pursue lifelong learning

Preferred learning style

Self-directed learning

Self-improvement

j. Knowledge of contemporary
issues

Political & social issues

Evaluating critical
issues

Objective analysis of
issues

Ethical/Social Interpersonal

Outcome Criteria

We have the building blocks? Can we put them together?

Concept: Reference Model for Open Distributed Processing (RM-ODP)
Inspiration??

Business rules
and content to
be supported
by the system.
Encapsulation
of capability,
separation of
functionality,
and interface
definition.

Enterprise
Viewpoint

Registration

Information
Viewpoint

Order
Communications

Results
Retrieval

Scheduling

NCPDP

X12

CEN TC251

Lonic

CPT

HL7

DICOM

ISO TC215

Snomed

ICD

DRG

ISO/OMG Unified Modeling Language (UML)

Computational
Viewpoint

PIDS

TQS

COAS

RAD

CIAS

ISO/OMG Interface Definition Language (IDL)
Distributed
interactions &
mechanisms
between the
components.
Description of the
implementation
of the system.

Engineering
Viewpoint
Technology
Viewpoint

DCE

JavaBeans

Java

SmallTalk

Win32

CORBA

DCOM

C++

COBOL

Unix

Standards

Conformance

MVS

© Copyright 1999 Tom Culpepper, and Tim
Brinson

Purpose,
scope,
policies.

At the Philosophy workshop in FIE 2008
all of the following were mentioned with
the exception of metaphysics
Epistemology
Metaphysics
Ethics
Logic
Aesthetics

... and these constitute the five main branches of
Philosophy ... The viewpoints by which a
characterisation can be made

Epistemology
Description : Process by which knowledge is gained and
communicated

Some main questions: What is knowable? How is it
acquired? Its provenance its validity? the limits of its
applicability?
Categories (examples): Rationalism and Empiricism.
Logical-positivism etc.

Metaphysics (some modern concerns)
Taxonomy: the study of the general principles of
classification
Ontology: concerned with entities and types of
entities and their relationships.
Mereology: relationships of the parts to the whole
Teleology: Norbert Wiener conceived of teleology
in ‘machinery’ as being a feedback mechanism.

Teleology is the study of design, purpose, directive principle, in nature or human creations.

Ethics

Description : Study of moral value, right and wrong
Some main questions: Placing value to personal
actions, decisions, and
relations
Categories (examples): Moral theory. Virtue ethics.
Religion and ethics. Applied
ethics

Logic
Description : Study of right reasoning
Some main questions: Tool(s) used to study other
philosophical categories
Categories (examples): Propositional logic and
predicate calculus. Quantum logic. Temporal logic
“The increasingly dominant intellectual content of engineering problem
solving, the business of modelling, is at bottom pure logic. Software
supporting these intellectual activities will be more effective when it is
built on solid logical foundations.”
RBJones.com

Aesthetics
Description : Study of art and
beauty
Some main questions: What
is the relationship between
beauty and art? Are there
objective standards? Is
beauty in the eye of the
beholder? Form versus
function?
Categories (examples): Aesthetics in the arts. Aesthetics
in the sciences.Aesthetics in engineering (design).

… and is there a philosophy
of engineering, one that is
shared?

Logical, ethical
…?

A multiplicity of philosophies ?
• Mathematics

• Regional & State
legislation

• Physics

• Citizen/society

• Chemistry
• Biological
systems
specialisation
• Technology

• Environment &
pollution

The engineer
inherits the
philosophies of its
many ‘genes’?

• Cost

• Ethical
considerations
• Global
concerns

• Energy •Quality

Philosophy of Science
doesn’t always help:
Popper

Philosophy of Mathematics
doesn’t really help:
Gödel

A multiplicity of philosophies ?

be warned !!!

I have yet to see any problem, however
complicated, which when you looked at it
in the right way, did not become still more
complicated.
– Poul Anderson

A definition of philosophy of …
Oxford English Dictionary entry for
philosophy –
In extended use: a set of opinions or ideas
held by an individual or group; a theory or
attitude which acts as a guiding principle
for behaviour; an outlook or world view.

A philosophy of engineering as a
characterisation
Applying the OED definition to engineering
means characterizing in some manner (a)
what opinions and ideas are held and how
they originated, (b) what attitudes prevail
in determining behaviour and how they
arose, and (c) the general outlook that is
commonly held, what shapes it and how it
reflects, or not as the case might be,
societies views.

A proposed systematic approach towards
developing a philosophy of engineering
Opinions and
ideas
Epistemology

Attitudes that
guide
behaviour

Vincenti,
Goldberg

Logic

Metaphysics

Simons, Broome

Ethics

From where do
engineers derive
their ethical
values

Aesthetics

Bowen,
Johnson,Davis

Outlook, how it is
shaped

A matrix made up of sheets for (a)
gender, (b) discipline, (c) culture …
Epistemology
Epistemology
Epistemology
Epistemology
Epistemology
Logic
Logic
Logic
Logic
Logic
Metaphysics
Metaphysics
Metaphysics
Metaphysics
Metaphysics
Ethics
Ethics
Ethics
Ethics
Ethics
Aesthetics
Aesthetics
Aesthetics
Aesthetics
Aesthetics

Opinions and
Attitudes that
Outlook, how it is
Opinions
and
Attitudes
that
Outlook,
it is
ideas
guide
shapedhow
Opinions
and
Attitudes
that
Outlook,
how
ideas
guide
shaped howit itisis
Opinions
and
behaviour
Attitudes
that
Outlook,
ideas
guide
shaped how it is
Opinions
behaviour
Attitudes
that
Outlook,
ideas and
guide
shaped
behaviour
ideas
guide
shaped
behaviour
behaviour

There is a core ... But there is more !!

… and a quick look at
engineering design
through the ‘lens’ of
philosophy

A model of Engineering: links to Philosophy
Statement of
what is to be
built or
created

Epistemology
& Ontology …

Knowledge

Knowledge
refinement
Epistemology

Epistemology and
Logic and Ethics
and Aesthetics …

Design Process

Empiricism …

Outcomes

Experience/Evaluation
Ethics and
Aesthetics …

The model of the design process can be interpreted in terms of
philosophical activities.

What we aim to do
• Working cooperatively populate the sheets
of the matrix
• Using some reasonable level of diversity
(civil, electrical, mechanical, computer,
bioengineering ... Gender, cultural, age ...)

• Analyse and develop a set of statements
that collectively address what is held in
common amongst engineers and articulate
areas where there are differences.

We are recruiting officers!
• We are looking to
enlist (but not press
gang) volunteers to
help populate the
schema
• We are looking for
volunteers to help
analyse the data

• William.grimson@dit.ie
• Mike.murphy@dit.ie

Last word! There is more to engineering than
meets the eye.

We know enough ‘science’ that we can say
how much ice is below the surface on the
basis of what is above ... but we cannot say
much about the shape of the ice below, unless
we go deeper!!

